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LACTOBACILLUS STRAINS OF HUMAN ORIGIN, THEIR 
COMPOSITIONS AND USES THEREOF 



The present invention concerns Lactobacillus 
strains and pharmaceutical compositions containing 
them. 

More in particular, the invention concerns the 
5 three new human Lactobacillus non-acidophilus strains 
characterized by the code number CNCM 1-1390, CNCM I- 
1391 and CNCM 1-1392, deposited at the CNCM Collection 
of the Institut Pasteur on 13.01.1994, and a new human 
Lactobacillus acidophilus strain named CNCM 1-1447 
10 deposited at the same institute on 13.07.1994 in 
accordance with the Treaty of Budapest. 

The therapeutical use of lactic acid bacteria 
preparations has a long and well established tradition 
that dates back to the beginning of this century and to 
15 the studies that pointed out the beneficial effects of 
the use of fermented milk on the consumers' health 
conditions (Ref. 1-5). 

Since then lactic acid bacteria have been widely 
used in the pharmaceutical industry and they constitute 
20 the active principle of various formulations for the 
treatment of intestinal diseases caused by pathogens, 
and as adjuvants in antibiotic treatments (Ref. 6-9). 

During the past decades scientists deepened the 
knowledge on lactic acid bacteria in general, and on 
25 lactobacilli in particular, obtaining a remarkable 
amount of information. 

However, the products presently on the market seem 
not to take into consideration the results of the most 
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recent scientific studies (Ref. 10-11). 

In particular, it should be pointed out that many 

studies have indicated that: 

lactobacilli play a peculiar role in the 
regulation of intestinal microflora , by producing 
both lactic acid and specific antibacterial 
substances (Ref. 12-16) ; 

- these bacteria must come from the intestinal 
environment in which they will then be reimplanted 
(e.g., they must be isolated from the human 
intestinal system in order to be utilized for 
human beings, and so on) in order to guarantee the 
colonization considering the "host specificity" 
requirements (Ref. 17) ; 

lactobacilli are involved in several metabolic 
activities which are particularly relevant for the 
maintenance of the good conditions of health and 
for the prevention of several pathological 
conditions ; in particular , nitrosamine 

degradation , bacterial toxin neutralization , and 
the anticancerogenic activity are worthy of 
mention (Ref. 18); 

the ability to adhere to the intestinal epithelium 
is an extremely advantageous feature for the 
intestinal bacteria (it is known that various 
pathogenic bacteria lose their virulence when they 
lose their ability to adhere to the mucosa); 
hence , the possibility of colonizing the 
epithelium can therefore be particularly 
important , for lactobacilli too, in order to 
provide a barrier to colonization of pathogenic 
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bacteria (Ref. 10, 19); 

- the taxonomic classification of the strains 
isolated from intestine has been deeply revised; 
the existence in this ecosystem of new bacterial 

5 species as well as the differentiation of specific 

biotypes within each species (Ref. 20) have been 
recognized ; 

- the "technological" properties of the strains 
(first of all the resistance to cryo-conservative 

10 treatments) are of particular importance in 

determining the possible exploitation of the 
lactic acid bacteria strains; in fact, the 
Lactobacillus strains so far used for probiotic 
purposes are generally slightly resistant to 
15 lyophilization conditions (Ref, 21). The adhesion 

properties must be maintained after lyophilization 
(requirement which is not always met). 
In particular, in the attempt to isolate 
Lactobacillus strains endowed with high ability to 
20 adhere to the cells of the intestinal mucosa, isolation 
processes from "homologous" sources, such as the feces 
of healthy individuals, were described. 

For example, US 4839281, EP-A-199535 and US 
5032399 describe Lactobacillus acidophilus strains 
25 isolated from adults and characterized by strong 
adhesion properties, quantified as the number of 
bacterial cells that adhere to a cell of human 
intestinal mucosa, compared to a reference strain. 
However, the exact taxonomic classification of such a 
30 strain is doubtful, as the author himself, during the 
course of the substantive examination of the 
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application by the American Patent Office, claimed that 
on the basis of the experimental data, the described 
Lactobacillus belonged to a non-acidophilus species 
(U.S. Patent 4839281, File History, reply to the Office 
5 Action dated 30th October 1987, page 7, last 
paragraph) • 

Reniero et al. (Ref. 27) reported the isolation of 
two strains of Lactobacillus casei from the feces of 
two infants. The presence in the feces of the same 
10 strains for several days led the author to attribute 
adhesion properties to these strains. No mention was 
made about other biological or technological properties 
like those mentioned above, which are distinct features 
of the Lactobacillus strains claimed in the present 
15 invention. 

In fact, it was found that the CNCM 1-1390, CNCM 
1-1391, CNCM 1-1392 and CNCM 1-1447 strains, beside 
adhesion to intestinal and buccal cells often superior 
to the reference strains, also had the following 
20 characteristic features: 

ability to inhibit the growth of human intestinal 
pathogens ; 

- ability to grow under a variety of conditions, 
both in aerobiosis and anaerobiosis , and at 

25 different pH values; these properties confer good 

capacity to adapt to the physiological and 
pathological situations that are met during the 
transit in the gastrointestinal tract; 

- production of a large amount of lactic acid; 
30 - high resistance to the bile; 

resistance to lyophilization , without losing 
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adhesion ability. 

These strains belong to the Lactobacillus genus 
and are characterized by a series of features that make 
them particularly interesting for the prophylaxis and 
5 treatment of several pathologies. 

The invention provides pharmaceutical, veterinary 
or alimentary compositions comprising at least one of 
the CNCM 1-1390 , CNCM 1-1391, CNCM 1-1392 and CNCM I- 
1447 strains, preferably in a lyophilized form, mixed 

10 with an appropriate vehicle. These compositions can be 
administered orally or mixed with food products such as 
milk, yoghurt or milk-products, for the treatment or 
prophylaxis of gastrointestinal pathologies in which it 
is desirable to administer lactobacilli , as for example 

15 in the case of intestinal disraicrobism , diarrhoea of 
various origins, ulcerative colitis and related 
pathologies. The compositions of the present invention 
can also be administered in consequence of antibiotic 
treatments in order to preserve the non-pathological 

20 intestinal bacterial flora. 

Another important feature of the strains of the 
present invention is that they were isolated from the 
feces of healthy newborns and weaned infants. In fact, 
it is known that the gastrointestinal tract of mammals 

25 is sterile at birth; it is rapidly colonized generally 
with the mother's vaginal and perianal flora. This 
natural route for the transfer of beneficial 
microorganisms is lacking in children born by caesarian 
delivery; as a matter of fact such children are more 

30 subjected to colonization by less favourable 
microorganisms. Colonization of the intestine by less 
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favourable microorganisms has also been observed in 
premature infants. In both cases, this risk can be 
greatly reduced by oral administration of the strains 
of the present invention. Moreover, bottle-fed babies 
5 compared to breast-fed babies have an increased 
population of Clostridia, coliforms and enterococci in 
their intestine. Also in this situation treatment with 
the lactobacilli of the present invention helps to 
reequilibrated the intestinal flora. 

10 Said strains can also be formulated as mixtures of 

the strains of the present invention alone and/or 
together with other strains having complementary 
characteristics, i.e. different intrinsic properties. 
An example of such formulation can be represented by a 

15 mixture consisting of at least one strain endowed with 
strong adhesion properties in combination with at least 
one strain which produces high amounts of L-lactic 
acid. A preferred, but in no way limiting, composition 
can be prepared by mixing the strain of the present 

20 invention CNCM 1-1394 and the strain Enterococcus 
faecium SF68 in suitable quantities, for instance from 
10 6 to 10 10 cells of each strain, together with the 
usually employed additives or excipients. 

Each single dose, typically in the form of 

25 capsules, solutions or drinkable suspensions, powder in 
sachets and similar forms, will generally contain from 
10 6 to 10 10 cells of each strain. 

The lactobacilli of the present invention have 
also been proved highly useful in improving the 

30 nutritional value of food products. Particularly 
preferred are dairy products obtained from milk and its 
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derivatives . 

Hereunder follows the isolation of the strains 
together with their characterization. 

Example 1: Isolation and characterization of the 
5 strains 

The strains were isolated from newborns from the 
first day of life to the sixth. Samples were also taken 
from other infants during the weaning period. 

Sampling was carried out on the subjects' feces 

10 taken twice a day in the clinic, and stored in sterile 
swabs under anaerobic conditions. The selective primary 
isolation of the lactobacilli was carried out in a 
LBS™ selective medium (Lactobacillus Selection Agar, 
Oxoid) . Plates were incubated under anaerobic 

15 conditions (Gas Pack system, BBL) for 48 h at 37 °C. The 
colonies thus obtained were isolated in MRS liquid 
medium (de Man - Rogosa - Sharpe broth, Oxoid) and 
submitted to a first series of re-isolations in order 
to obtain pure cultures (following smears on a 

20 selective agar medium, and isolation of single 
colonies). These procedures reflect the methodology 
proposed by Sharpe (Ref. 22). After isolation and 
purification, the strains were further characterized in 
order to select only those belonging to the 

25 Lactobacillus genus. The following characteristics were 
then examined: morphology (optical examination by 
phase-contrast microscope) , reaction to Gram staining 
(positive for all the lactobacilli), the presence of 
catalase (negative for all the lactobacilli), and 

30 determination of the two lactic acid stereoisomers 
present in the culture medium of each strain after 24 h 
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incubation (enzymatic determination by the Boehringer 
kit). As a result of these tests, it was possible to 
assign the isolates to the Lactobacillus genus. The 
strains were then lyophilized and stored at 4°C. 
5 The analysis of the plasmid profiles, after 

alkaline extraction (Ref. 23), was then carried out on 
all the strains identified as lactobacilli . This 
analysis allowed the identification of the isolated 
strains (Ref- 24). The profile of soluble cytoplasmatic 

10 protein (Ref. 25) and pattern of the antibiotic 
resistances (Ref. 26) were also checked. 

The representative strains of all the isolates 
were then analysed for their taxonomic allocation by 
means of standard phenotypic tests such as sugar 

15 fermentation pattern (API CH 50 galleries system, 
Biomerieux) ♦ 

The taxonomy and the characteristics of the 
strains of the invention, are illustrated in the 
following charts: 
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Example 2 

The strains of the present invention were compared 
with reference strains in order to evaluate the 
persistence of their ability to adhere to various types 
5 of cells, to grow at various pH values, to grow at 
various concentrations of bile and to grow under 
various incubation conditions, the ability to influence 
the growth of intestinal pathogens. Before each assay, 
lyophilized sample of the strains were rehydrated and 
10 incubated in MRS medium. 

The reference strains were the following: 

Lactobacillus acidophilus ATCC 53103 
Lactobacillus acidophilus ATCC 4357 
Lactobacillus delbrueckii ATCC 7994 
i5 Salmonella enteritidis IMM2 

Escherichia coli ATCC 35401 

Adhesion to human epithelial cells 

The adhesion tests were carried out "in vitro" on two 

types of epithelial cells: 
20 - freshly isolated human buccal cells, 

intestinal cells (collection cell line, Intestine 
407, obtained from Istituto Zooprof ilattico 
Sperimentale in Brescia). 

The buccal cells were isolated from healthy non- 
25 smoking subjects. Cells were collected by scraping the 
internal surface of the cheeks with a wooden tongue 
depressor. The cells of the oral mucosa were then 
washed with a PBS (Phosphate Buffered Saline) solution. 

Intestinal cells were made to grow in Eagle's 
30 Basal medium in Hanks BSS, containing 10% of bovine 
foetal serum, and incubated at 37°C under an atmosphere 
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of 5% C0 2 for 4 8 h. The monostrata formed were 
trypsinized according to standard methods (elimination 
of the growth medium, washing of the substrate with PBS 
solution, addition of 2 mL of trypsin-versene at 0.25% 
5 concentration). The suspension obtained was then 
centrifuged at 1700 g for 10 min . The cells were washed 
twice with PBS solution and then diluted with the same 
solution until a concentration of 100 cells/mL was 
obtained . 

10 The adhesion test was carried out by adding 10^ 

bacteria that had grown under suited conditions to 10 5 
epithelial cells (buccal or intestinal) in PBS 
solution. The mixture was incubated for 30 min at 37 °C 
and under continuous agitation. After that, the non- 
15 adhering bacteria were eliminated by filtering the 
suspension through a 5 pm diameter pores polycarbonate 
membrane (Sartorius). After repeated washing, the 
membranes were placed on a glass slide, dried in air, 
fixed with methanol and stained with crystal-violet in 
20 order to detect the adhering bacteria. The average 
number of bacteria that adhered per cell (X) was 
determined by counting the number of bacteria that 
adhered to 100 cells. 

The adhesion of the strains under examination was 
25 compared to that of ATCC 53103 strain, taken as a 
reference, with the following equation: 

n. of bacteria/epithelial 
cell 

30 Adhesion Index (A.I.) x 100 

n. of ATCC 53103 lacto- 
bacilli/epithelial cell 

The results of these experiments are reported in 

Table 1. 
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Table 1. Adhesion of the lactobacilli strains to buccal 
and human intestinal cells 





Strain 


Buccal cells 


Intestinal 


cells 


5 




X ± SD 


A.I. 


X i SD 


A.I. 




CNCM 1-1390 


27.3 ± 7.5 


63.5 


20.9 ± 6.1 


123 .7 




CNCM 1-1391 


49.1 ± 6.4 


114.2 


42.6 ± 5.9 


252.1 




CNCM 1-1447 






14.4 ± 5.8 


85.2 


10 


ATCC 53103 


43 ± 5.95 


100.0 


16.9 ± 5.3 


100.0 




ATCC 4357 


4 ± 3.2 


9.3 


2.9 ± 1.6 


17.1 




ATCC 7994 


3.1 ± 1.7 


7.2 


1.6 ± 1.5 


9.5 



X ~ number of lactobacilli per cell; SD = standard 
15 deviation; A.I. .-adhesion index 

The results show the excellent ability of the 
strains of the present invention to adhere to the cells 
of the intestinal and buccal mucosa; in some cases it 
resulted far greater than the reference strains. 
2 0 Growth at various pH values 

The lactobacilli were grown in MRS (Oxoid) liquid 
medium at pH 3 (obtained by adding HC1 ) , pH 5 (normal 
pH value of the medium) and pH 8 (obtained by adding 
NaOH) . 

25 The samples were incubated at 37 °C under a 5<Jt C0 2 

atmosphere, and bacterial cell were counted at various 
time intervals (12 h, 24 h, 48 h). The results of these 
experiments are illustrated in Table 2. 
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Table 2. Growth of the bacterial strains at various 
times and at various pH values 





St rain 




pti J 






pns 






pHH 




5 




12h 


24h 


48h 


12h 


24h 


4 8h 


12h 


24h 


4 8h 




CNCM 1-1390 


5.0 


6.8 


6.5 


9.6 


10.0 


10.3 


9.5 


9.7 


9.5 




CNCM 1-1391 


4.9 


6.5 


6.3 


9.5 


9.8 


10.6 


9.5 


9.5 


10.4 




CNCM 1-1447 


4.5 


4.8 


4.0 


9.0 


9.8 


9.6 


9.0 


9.4 


9.3 


10 


ATCC 53103 


5.3 


6.6 


6.1 


9.5 


9.5 


9.5 


9.3 


9.5 


9.8 




ATCC 4357 


4.0 


4.6 


4.8 


7.5 


8.6 


8.8 


7.8 


8.0 


8.5 




ATCC 7994 


<3 


<3 


<3 


7.5 


8.0 


8.8 


<3 


<3 


<3 



Values are expressed as log CFU/mL. CFU - Colony 

15 Forming Unit. 

The results show that the strains of the present 
invention can grow under a wide range of pH values- In 
particular, the strains show a resistance to acidic pH 
values equal or superior to the reference strains. 

20 Resistance to the bile 

The strains of the present invention and the 
reference strain ATCC 53103 , were incubated for 48 h in 
MRS liquid medium. The broth cultures were diluted (10 7 
CFU/mL) and grown on MRS agar supplemented with 1.5 g/L 

25 or 3 g/L of bile (Ox gall powder, Sigma). After 48 h of 
incubation at 37 °C under anaerobic conditions, the 
bacterial count was carried out in order to verify the 
resistance to the bile. 

The results are illustrated in Table 3. 

30 
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Table 3. Resistance of the lactobacilli strains to the 
bile 





Strain 


MRS agar 


MRS + bile 


MRS + bile 


5 




(control ) 


1.5 g/L 


3.0 g/L 






CFU/mL 


CFU/mL 


CFU/mL 




CNCM 1-1390 


140 


134 


90 




CNCM 1-1391 


187 


186 


176 


10 


CNCM 1-1447 


289 


283 


290 




ATCC 53103 


201 


202 


161 



CFU - Colony Forming Unit. 

The results show that the new strains have a good 
15 resistance to the bile, even at a high concentration. 

Particularly surprising was the resistance of the CNCM 

I- 1447 even to the higher bile concentration value. 

Growth under anaerobic and aerobic conditions 

The lactobacilli were incubated overnight in MRS 
20 liquid medium at 37°C under anaerobic and aerobic 

conditions and then counted. The results are indicated 

in Table 4. 
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Table 4. Growth of the lactobacilli under anaerobic and 
aerobic conditions 





o u. J~ a. jl xi 


ALIO trXT WD lOalb 


fterou xu5is 


5 




log CFU/mL 


log CFU/mL 




CNCM 1-1390 


9.6 


9.1 




CNCM 1-1391 


10.0 


10.1 




CNCM 1-1447 


9.8 


9.7 


10 


ATCC 4357 


7.3 


7.0 




ATCC 7 994 


9.3 


9.9 




ATCC 53103 


9.7 


9.8 



CFU & Colony Forming Unit. 
15 The results show that the strains of the present 

invention grow both under anaerobic and aerobic 
conditions . 

Interference on the growth of intestinal pathogens 

The ability of the strains of the present 
20 invention to inhibit the growth of intestinal pathogens 
was evaluated in co-culture experiments with 
Escherichia coli (enterotoxigenic ATCC 35401) and 
Salmonella enteritidis (IMM2). 

In a first series of experiments, the strains of 
25 the present invention and the reference strains were 
grown overnight, then they were inoculated with the 
pathogens at 37 °C under an atmosphere of 5% CG> 2 , in a 
culture medium consisting of a 1:1 mixture of MRS 
liquid medium at a double concentration and Mueller- 
30 Hilton liquid medium at a double concentration. After 
24 h and 4 8 h, the bacterial counts of the pathogens 

SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 9533046A1 J_> 



WO 95/33046 PCT/EP95/01886 



19 

and of the Lactobacillus strains under examination were 
carried out. Controls consisted in the pathogen and the 
• Lactobacillus strains grown as a pure culture. The 

results of these experiments are reported in Tables 5 
5 and 6. 

In another series of experiments, the strains of 
the present invention and the reference strains were 
inoculated simultaneously with the pathogens, and grown 
together under the above indicated conditions * After 24 

10 h and 48 h of incubation, the bacterial counts of the 
pathogens and of the Lactobacillus strains were carried 
out. Controls were as above described. The results of 
these experiments are reported in Tables 7 and 8. 

The results of the experiments of the growth of 

15 the pathogens in co-culture with lactobacilli 
surprisingly show that the strains of the present 
invention are effective in inhibiting the growth of 
harmful microorganisms. In fact, as illustrated in 
Tables 5 and 6, the growth of Escherichia coli and of 

20 Salmonella enteritidis was strongly inhibited when a 
sufficient amount of lactobacilli was inoculated with 
these two pathogens (a value <3, expressed as log 
CFU/mL, was found in all the cases). The strains can 
inhibit the growth of the pathogens even when they are 

25 inoculated simultaneously (Tables 7 and 8). In 
particular, in the case of Salmonella enteritidis, the 
same inhibition was observed when the lactobacilli were 
grown overnight and then inoculated (compare Table 8 
and Table 6). Besides, it is interesting to note that 

30 the growth of the Lactobacillus strains is not 
influenced by the simultaneous presence of the 
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pathogen. In all the experiments the data regarding the 
growth of the lactobacilli in the co-culture were 
comparable with those of the growth of the lactobacilli 
in the pure culture. 
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Table 5. Growth of the enterotoxigenic Escherichia 
coli (ATCC 35401) and lactobacilli in co- 
culture 1 



Culture 



Bacterial growth Gog CFU/mL) 



Escherichia coli (ATCC 3540V 
24 h 48 h 



Lactobacillus (examined 
24 h strai ") 48 h 



CNCM 1-1390 
ATCC 35401 
CNCM 1-1390 + ATCC 35401 



9.5 
<3 



9.6 
<3 



9.9 



9.8 



10.8 



10.6 



CNCM M391 
ATCC 35401 
CNCM 1-1391 + ATCC 35401 



9.5 
<3 



9.6 
<3 



9.5 



9.8 



10.8 



10.9 



CNCM 1-1447 
ATCC 35401 

CNCM 1-1447 + ATCC 35401 



9.5 
<3 



9.6 
<3 



9.6 



9.6 



9.9 



9.8 



ATCC 53103 
ATCC 35401 

ATCC 53103 + ATCC 35401 



9.5 

<3 



9.6 
<3 



9.7 



9.8 



10.8 



10.9 



ATCC 4357 
ATCC 35401 

ATCC 4357 + ATCC 35401 



9.5 
<3 



9.6 
<3 



9.0 



9.0 



9.3 



9.6 



ATCC 7994 
ATCC 35401 

ATCC 7994 + ATCC 35401 



9.5 
<3 



9.6 
<3 



8.0 



8.6 



8.8 



8.8 



The lactobacilli were grown overnight and then 
xnoculated with Escherichia coli. After 24 h and 48 h 
the bacterial counts of the pathogen and of the 
lactobacilli were carried out. CFU - colony formina 
unit. * 
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Table 6. Growth of Salmonella enteritidis (IMM 2) and 
lactobacilli in a co-culture* 



Culture 


Bacterial growtt 

Salmonella enteritidis (IMM 2) 
24 h 48 h 


t Gog CFU/mL) 

Lactobacillus (examined 
24 h strain) 48 h 


CNCM 1-1390 
IMM 2 

CNCM 1-1390 + IMM 2 


9.5 9.7 
<3 <3 


9.8 10.3 
9.3 10.9 


CNCM 1-1391 
IMM 2 

CNCM J-1391 + IMM 2 


9.5 9.7 
<3 ' <3 


9.8 10.3 

9.9 10.9 


CNCM 1-1447 
IMM 2 

CNCM 1-1447 + IMM 2 


9.5 9.7 
<3 <3 


9.5 9.8 
9.3 9.9 


ATCC 53103 
IMM 2 

ATCC 53103 + IMM 2 


9.5 9.7 
<3 <3 


9.6 9.9 

9.7 10.9 


ATCC 4357 
IMM 2 

ATCC 4357 + IMM 2 


9.5 9.7 
<3 <3 


8.3 9.0 
8.6 8.8 


ATCC 7994 
IMM 2 

ATCC 7994 + IMM 2 


9.5 9.7 
<3 <3 


8.7 8.3 
8.7 8.3 



The lactobacilli were grown overnight and then 
inoculate with Salmonella enteritidis. After 24 h and 
48 h the bacterial counts of the pathogen and of the 
lactobacilli were carried out. CFU =: colony forming 
unit . 
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Table 7. Growth of enterotoxigenic Escherichia coli 
(ATCC 35401) and lactobacilli in a co-culture 
after simultaneous inoculation 1 



Culture 



Bacterial growth (log CFU/rnL) 
| Escherichia coli (ATCC 3540V | Lactobacillus (examined 

24 h strain) 48 h 



24 h 



48 h 



CNCM 1-1390 

I ATCC 35401 j 9.7 

| CNCM 1-1390 + ATCC 35401 | 5.5 



9.8 
4.6 



CNCM M391 

I ATCC 35401 | 9.7 

| CNCM 1-1391 + ATCC 35401 | 5.3 



9.8 
5.2 



CNCM 1-1447 

I ATCC 35401 j 9.7 

| CNCM 1-1447 + ATCC 35401 | 5.6 



9.8 
5.0 



ATCC 53103 

I ATCC 35401 j 9.7 

| ATCC 53103 + ATCC 35401 | 4.9 



9.8 

5.0 



ATCC 4357 
ATCC 35401 

ATCC 4357 + ATCC 35401 



9.7 
5.6 



9.8 
5.3 



ATCC 7994 
ATCC 35401 

ATCC 7994 + ATCC 35401 



9.7 
5.4 



9.8 
5.0 



50 



10.3 



9.8 



10.0 



9.7 



9.6 



9.6 



9.8 



9.5 



9.0 



8.9 



8.8 



8.6 



11.0 



11.4 



10.9 



11.4 



9.8 



9.8 



10.9 



11.0 



9.3 



9.5 



8.9 



8.9 



The lactobacilli and Escherichia coli were inoculated 
simultaneously, and after 24 h and 48 h the bacterial 
counts of the pathogen and of the lactobacilli were 
carried out. CFU = colony forming unit. 
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Table 8. Growth of Salmonella enteritidis (IMM 2) and 
lactobacilli in a co-culture after 
simultaneous inoculation 1 



Culture 


Bacterial growth 
24 h 48 h 


iGogCFU/mL) 

Lactobacillus (examined 
24 h strain) 48 h 


CNCM 1-1390 
IMM 2 

CNCM 1-1390 + IMM 2 


9.7 9.6 
<3 <3 


9.6 10.7 
9.1 11.7 


CNCM 1-1391 
IMM 2 

CNCM 1-1391 + IMM 2 


9.7 9.6 
<3 ' <3 


9.6 10.7 
10.0 10.5 


CNCM 1-1447 
IMM 2 

CNCM 1-1447 + IMM 2 


9.7 9.6 
<3 <3 


9.5 9.8 
9.2 9.7 


ATCC 53103 
IMM 2 

ATCC 53103 + IMM 2 


9.7 9.6 
<3 <3 


9.7 10.3 
9.1 11.5 


ATCC 4357 
IMM 2 

ATCC 4357 + IMM 2 


9.7 9.6 
<3 <3 


8.8 9.5 
9.0 9.3 


ATCC 7994 
IMM 2 

ATCC 7994 + IMM 2 


9.7 9.6 
<3 <3 


8.8 9.0 
8.0 8.5 



1 The lactobacilli and Salmonella enteritidis were 
inoculated simultaneously, and after 24 h and 48 h the 
bacterial counts of the pathogen and of the 
lactobacilli were carried out. CFU «. colony forming 
55 unit. 
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In another series of experiments, mixtures of 
[Lactobacilli of the present invention were inoculated 
with Escherichia coli and Salmonella enteritidis in 
order to evaluate whether or not such mixtures could 
exert a synergistic effect in the inhibition of the 
growth of pathogenic strains. Table 9 reports some of 
the results obtained with the enterotoxigenic 
Escherichia coli strain ATCC 35401 in co-culture with 
the lactobacilli simultaneously inoculated. 
Table 9. Inhibition of enterotoxigenic Escherichia 
coli (ATCC 35401) growth by various 
lactobacilli mixtures in co— culture after 
simultaneous inoculation * 



15 



20 



25 



30 



Culture 




Bacterial 


growth 


(log CFU/mL) 








Escherichia coli 


(ATCC 35401) 












24 h 


48 h 


ATCC 


35401 








8.65 


8.72 


ATCC 


35401 + 


CNCM 1-1390 


+ 








CNCM 


1-1391 








3.40 


<2 


ATCC 


35401 + 


CNCM 1-1390 


+ 








CNCM 


1-1447 








3.18 


2.70 


ATCC 


35401 + 


CNCM 1-1391 


+ 








CNCM 


1-1447 








<2 


<2 


ATCC 


35401 + 


CNCM 1-1390 


+ 








CNCM 


1-1391 + 


CNCM 1-1447 






2.30 


<2 



Escherichia coli was inoculated simultaneously 
with various mixtures of lactobacilli. After 24 h 
and 48 h, the bacterial counts of the pathogen and 
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of the lactobacilli were carried out. CFU - colony 
forming unit. 

The data clearly show that the lactobacilli , 
mixtures were able to completely inhibit the growth of 
5 the pathogen after both 24 and 48 h. Moreover the 
lactobacilli mixtures were more effective in inhibiting 
the growth of the pathogen than the single 
Lactobacillus strain (compare Table 9 with Table 7). 
These data were obtained with the pathogen inoculated 

10 simultaneously with the lactobacilli. Also in these 
experiments, the growth of the lactobacilli was 
unaffected by the simultaneous presence of the pathogen 
and of other lactobacilli strains as well. Similar 
results were obtained with Salmonella enteritidis. 

15 From the above reported results, it is evident 

that the strains of the present invention are endowed 
with a series of features that make them particularly 
suited for the preparation of drugs. The strains of the 
present invention have the ability to adhere to the 

20 human epithelial cells (an important characteristic for 
colonization), and they have a good when not excellent 
resistance to bile. They can resist and grow at acidic 
pH values, and can grow under both anaerobic and 
aerobic conditions. Furthermore, the strains of the 

25 present invention taken alone or in a mixture thereof 
show a surprising ability to inhibit the growth of 
pathogens in the gastrointestinal tract. These 
properties are maintained after lyophilization . 

The resistances of the strains of the present 

30 invention to lyophilization vary from 35 to 60% after 3 
months at 4°C. They also present a high speed of growth 
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and absence of lysogeny. 

These characteristics make the strains 
particularly suited for the prophylaxis and treatment 
of disease caused by contaminated food or water and as 
5 adjuvants during treatment with antibiotics or under 
general stress conditions. Besides, their stability 
makes their possible use in the prophylaxis and 
treatment of pathologies affecting the frequent 
travellers particularly promising. The strains are also 

10 particularly suited for treating newborns in all those 
situations in which intestinal colonization by less 
favourable microorganisms may occur (e.g., caesarian 
born babies, premature babies, bottle-fed babies). 
Finally they can also be employed in the manufacture of 

15 milk and related food products. 
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CLAIMS 

* 1, Lactobacillus genus strains, deposited at the CNCM 

collection of the Institut Pasteur, and numbered I- 
5 1390, 1-1391, 1-1392 and 1-1447. 

2. Pharmaceutical, veterinary or alimentary 
compositions comprising at least one of the 
Lactobacillus strains CNCM 1-1390, CNCM 1-1391, CNCM I- 
1392 and CNCM 1-1447 of claim 1 , in a mixture with a 

10 compatible vehicle. 

3. Pharmaceutical, veterinary or alimentary 
compositions comprising one or more Lactobacillus 
strains of claim 2, in a mixture with other strains 
having complementary characteristics. 

15 4. Pharmaceutical, veterinary or alimentary 

compositions according to claims 2 and 3, in which at 
least one of the strains belong to the Lactobacillus 
acidophilus species, and at least one belongs to a non- 
acidophilus species . 

20 5. Compositions according to claim 2, containing a 
mixture of all the strains CNCM 1-1390, CNCM 1-1391, 
CNCM 1-1392 and CNCM 1-1447. 

6. Compositions according to claim 2 in which strains 
CNCM 1-1390 and/or CNCM 1-1391 and/or CNCM 1-1392 

25 and/or CNCM 1-1447 are present in a lyophilized form. 

7. Compositions according to any of the claims from 2 
to 6 in the form of capsules, solutions or drinkable 
suspensions, or powder in sachets. 

8. Compositions according to any one of the claims 
30 from 2 to 7, containing from 106 to 1010 cells of each 

individual strain per single dose. 
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9. The use of CNCM 1-1390, CNCM 1-1391, CNCM 1-1392 
and CNCM 1-144 7 Lactobacillus strains for the 
preparation of drugs that are useful for treatment or 
prophylaxis of gastroenteric pathologies in which 

5 administration of lactobacilli is desirable. 

10 . The use according to claim 9 for the preparation 
of drugs for the treatment or the prevention of 
intestinal dysmicrobism, diarrhoea of various origins 
or ulcerative colitis. 

10 11. The use of CNCM 1-1390, CNCM 1-1391, CNCM 1-1392 
and CNCM 1-1447 Lactobacillus strains for the 
preparation of drugs that are useful for the treatment 
of newborns in all the situations of non favourable 
colonization of the gastrointestinal tract, 

15 12. The use of CNCM 1-1390, CNCM 1-1391, CNCM 1-1392 
and CNCM 1-1447 Lactobacillus strains for the 
preparation of dairy food products. 
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